Purpose -Non-technical dimensions such as spatial quality are just as relevant for energy efficiency as technical and economic dimensions in the renovation of dwellings. However, the significance of non-technical dimensions is often neglected in the energy renovation of dwellings. The purpose of this paper is to demonstrate how the renovation of dwellings for energy efficiency influences spatial quality in the MS-1 building in the neighbourhood of Arlequin, Grenoble, France. The Arlequin case study is part of the ZenN project, Nearly Zero Energy neighbourhoods, funded by the European 7th Framework Programme (Grant Agreement No. 314363). Design/methodology/approach -The impact of the renovation on spatial quality is analysed by crossing technical measures, applied in the energy renovation of dwellings with the definition of spatial quality proposed by Acre and Wyckmans (2014) . The spatial quality definition results from a literature review on quality of design and urban life, wherein works of Weber (1995) and Gehl (2010 Gehl ( , 2011 are related to the residential use in the scales of the building and block. The impact of renovation on spatial quality is further evaluated by using the spatial quality assessment developed by Acre and Wyckmans (2015) . The impact on spatial quality is observed by considering all the renovation measures, instead of only considering the measures primarily related to energy performance. This emphasises the need for a cross-disciplinary approach between technical and non-technical dimensions in the energy renovation of dwellings. Findings -The results display both negative and positive impacts of the energy renovation on spatial quality in the dwellings and emphasise the potential of non-technical dimensions in promoting renovation. The impact on spatial quality is primarily negative when only measures adopted in order to improve energy efficiency are considered in the evaluation Originality/value -This paper consists of a novel crossing of technical and non-technical dimensions in energy renovation of dwellings. The work aligns with the current European trend of nurturing energy-deep renovation to reach Europe's 2050 energy-efficiency targets (Buildings Performance Institute Europe (BPIE) 2011).
Introduction
The global issue of climate change motivates sustainable development and thereby the urge to improve energy efficiency in domestic buildings. Technical and economic efficiency requirements in building renovation often get priority over non-technical dimensions. This paper explores the impact of energy renovation on spatial quality in the residential neighbourhood of Arlequin in Grenoble, France. The study was made in 2014 and 2015 and was partially presented to the ZenN partners in October 2014. The research question is:
RQ1. Does the energy renovation of the MS-1 building affect spatial quality in the apartments?
Spatial quality has the potential to contribute towards improving the synergy between users, architects and building owners. This is because the benefits of energy renovation for spatial quality can be used as arguments to convince users and building owners to undergo energy renovation. Users usually do not clearly see the benefits of energy renovation, as they remain abstract matters (Tweed, 2013) . However, non-technical dimensions such as spatial quality are more familiar to human perception (Acre and Wyckmans, 2015) .
The results of the spatial quality assessment did not influence the renovation of Arlequin. This is because the assessment was not completed by the time the renovation was taking place. However, the goal is to use the assessment simultaneously with the design phase of the renovation. Arlequin is the first case to be evaluated using the assessment. The case was a laboratory to develop the assessment rather than to explore how it can be integrated in design processes.
Method and material

Spatial quality definition and assessment
Spatial quality is defined as the interaction among four determinants: views; internal spatiality and spatial arrangements; the transition between public and private spaces; and perceived, built and human densities. Each determinant has three main topics, which are represented by five principles from A to E (see lists below). The four determinants are combined into a spatial quality assessment methodology (Acre and Wyckmans, 2015) . The assessment is intended to be performed during the design phase of projects while design alternatives are being explored. The desired outcome of the assessment is an upgrading in spatial quality along with energy-efficiency improvements in renovation of dwellings.
Building performance assessment tools were the starting point for the development of the spatial quality assessment. The tools considered were the Sustainable Buildings Tool (SBTool) (2012) (2013) . These tools were studied to check whether they include indicators that could assess spatial quality in renovation of dwellings. Daylight indicators found in the tools are among the indicators that can partially evaluate the impact of the renovation on spatial quality (Pacheco and Wyckmans, 2013; Acre and Wyckmans, 2014) .
2.1.1 Spatial quality assessment for view. The three topics that drive the study of spatial quality determinant (1), view, are the view from the inside (private domain) to the outside (public domain) of dwellings, and from the outside to the inside (visual privacy); the distances between public and private domains; and the quality of the view. These topics are represented by five principles: (A) facade transparency; (B) depth of vision (Weber, 1995) ; (C) distance and degree of sight protection (Chermayeff and Alexander, 1966; Gehl, 2010 Gehl, , 2011 ; (D) lighting; and (E) enclosure and peripheral density (Weber, 1995) . Principle (A), facade transparency, consists of the ratio between the external walls' areas and the openings' areas (windows and doors). The existence of openings that allow a view and the quality of this view are assessed in the principle of (B) depth of vision. Principle (C), distance and degree of sight protection, considers the visual privacy and the protection of the private domain. That is, how much control the user has to avoid or allow visual interaction with others. The configuration of the 270 SASBE 4,3 plan, which affects views from inside to outside and from outside to inside, is considered in principle (B), depth of vision. The focus of principle (D), lighting, is the access of daylight, and facade transparency and composition. The last principle, (E) enclosure and peripheral density, refers to the configuration of the block that affects views (see list below).
Spatial quality assessment -determinant 1: view (building and block scales) (Acre and Wyckmans, 2015) (1) Facade transparency:
• ratio between facade area and apertures (windows and doors) area;
• ratio between apertures (windows and doors) area and glass surface areas; and
• glazing properties of transmittance and absorptance.
(2) Depth of vision:
• visibility:
-percentage of the total number of spaces with a view;
-visual openness index (Indraprastha, 2012); and -visual privacy index (Indraprastha, 2012 ).
• quality of the view (composition of the view) (Matusiak, 2014; CEN, 2015) -distance of the view (depth) is W6 metres (yes or no question);
-width of the view through window(s) is W28°(yes or no question); and -presence of layers of proximity (sky, landscape and ground) (yes or no question).
• internal division of space (configuration of the plan that affects views from inside to outside, and from outside to inside):
-window's length is equal to at least half of room depth (d), and d ⩽5 m, window area (wa) ¼ 1.25 m 2 ; dW 5m, wa ¼ 1.50 m 2 (yes or no question) (CEN, 2015) -visual distance (distance between the geometrical centre point p of an enclosed space to the midpoint of the openings -doors and windows) (Indraprastha, 2012);
-viewing area (ratio between the room and the viewing areas from the geometrical centre point p of an enclosed space to the midpoint of the openings, with a maximum viewing area of 100º) (Indraprastha, 2012); (3) Distance and degree of sight protection (visual privacy and protection of the private domain):
• view of arriving visitors and entrance, and entry-lock (hall) area to dwelling:
-possible to see arriving visitors (yes or no question);
-possible to see arriving visitors without being seen (yes or no question); and -entry-lock (hall) area to dwelling (yes or no question).
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• availability and configuration of private outdoor spaces: -availability of private outdoor spaces (yes or no question);
-possibility of controlled visual contact with the neighbour's private outdoor spaces (yes or no question);
-availability of private outdoor spaces on the ground floor level (yes or no question);
• placement of balconies: -ratio between the transparent (or translucent) and the opaque parts of the handrails;
-balcony sticks out or is built into the facade of the building volume; and -balconies are on top of each other or staggered.
(4) Lighting (access of daylight) (Matusiak, 2014; CEN, 2015) :
• daylight access (yes or no question);
• daylight factor (DF); and
• sky view factor (SVF).
(5) Enclosure and peripheral density (configuration of the block that affects views):
• southwest orientation of the main living areas (yes or no question);
• ratio between the height and the width of the enclosed courtyard space; and
• difference between the height of the building and the average height of surrounding buildings (difference in height than two-third of the average height of the surroundings) (yes or no question).
2.1.2 Spatial quality assessment for internal spatiality and spatial arrangements. The three topics of the spatial quality determinant (2), internal spatiality and spatial arrangements, are the articulation between space and its boundaries, and between adjacent spaces; privacy within the dwelling; and light (access of daylight, layout zoning; and sun orientation of openings). The five principles that represent these topics in the assessment are (A) centricity and concavity, (B) internal division of space and spatial density, (C) spatial complexity (Weber, 1995) , (D) privacy within the dwelling (Chermayeff and Alexander, 1966) and (E) lighting. Principle (A), centricity and concavity, consists of the analysis of changes in the placement of space boundaries (walls) and their openings (the entrances). Internal division of space and spatial density (B) consists of the study of how a space is subdivided without the use of walls. Columns, stairs and differences in ceilings heights can subdivide a space. Spatial complexity (C) consists of the analysis of changes in spatial hierarchies. Spaces can be characterised by a coordinated or a subordinated spatial relationship. A coordinated spatial relationship is characterised by adjacent spaces with similar dominance, while in a subordinated spatial relationship there is a secondary space that is subordinated to a primary space, such as in the relation between a room (primary space) and a balcony (secondary space). Privacy within the dwelling (D) is the study of the internal zoning of the dwelling considering different groups within the family. For example a distinction could be made between children's areas and adults' areas. Lighting (E) is analysed in terms of its behaviour in the space (see list below).
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Spatial quality assessment -determinant 2: internal spatiality and spatial arrangements (building scale) (Acre and Wyckmans, 2015) :
(1) Centricity and concavity:
• geometric centre of the space:
-the relevance of the geometrical centre is weakened (e.g. as a consequence of the addition of large openings and enclosing elements) (Von Meiss, 1997) (yes or no question);
-room's shape has only one geometrical centre (figural character, regularity and symmetry) (yes or no question); and -secondary centres are symmetrically arranged (enforcement of the presence of the geometric centre of the room) (Weber, 1995) (yes or no question).
• perceptual centres of the space (Indraprastha, 2012):
-the space has more than one entrance (yes or no question);
-areas of zones of influence of door(s) overlap (yes or no question); and -areas of zones of influence of window(s) overlap (yes or no question).
• placement of entrances (concavity (Weber, 1995) ):
-entrance(s) located close to the axes of the room (yes or no question);
-ratio between the Cartesian distance from the door's perpendicular axis to the room's axis (the axis perpendicular to the door), and the Cartesian distance from the wall to the room's axis; and -entrance located on the longitudinal axis to increase privacy (yes or no question).
(2) Internal division of space and spatial density:
• placement of columns and internal walls:
-columns standing free in the space (yes or no question);
-spaces defined (subdivided) by columns (yes or no question, if there are free-standing columns in the room); and -spaces redefined (subdivided) by internal walls (changes on dwelling's plan) (yes or no question);
• placement of the stairs:
-stairs are added or replaced (yes or no question);
-free-standing stairs (detached from space boundaries) (yes or no question, if stairs are added or replaced); and -ratio between the stairs and room areas.
• ceiling heights:
-different heights in the same room (yes or no question);
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(3) Spatial complexity (spatial hierarchies):
• coordinated spatial relationship (spaces with similar dominance):
-areas (in square metres) of adjacent spaces are similar (area difference o30 per cent) (yes or no question);
-direct connection between two or more coordinated spaces (yes or no question);
-coordinated spaces have direct connection with the main circulation (yes or no question);
• subordinated spatial relationship (primary and secondary spaces):
-areas (in square metres) of adjacent spaces are significantly dissimilar (area difference W30 per cent) (yes or no question);
-direct connection between two or more subordinated spaces (yes or no question); and -function of the secondary space complements the primary space (yes or no question).
• degree of space closure (for spaces where people can spend the majority of their time):
-ratio between the height and the width of the enclosed space; -room's width is at least the room's height (yes or no question); and -ratio between the width and the length of the enclosed space.
(4) Privacy within the dwelling (zoning according to the needs of different family group members):
• differentiation between social and private zones (yes or no question);
• children's domain is directly accessible from the circulation area (yes or no question); and
• buffer zone between the children's private domain and the parents' private domain (yes or no question).
(5) Lighting (Matusiak, 2006 (Matusiak, , 2014 :
-placement of windows/balcony doors adjacent to side walls (yes or no question);
-placement of windows adjacent to horizontal surfaces (yes or no question); and -ratio between glazed area and indoor surfaces' area (walls, floor and ceiling); and relation between wall thickness and window area.
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• light distribution in the space:
-reflectance and absorptance of indoor surfaces' areas;
-luminance distribution; and -ratio between the daylight (passive) and the non-daylight (non-passive) zones Steemers, 1996, 2002 ).
• internal zoning of the diverse functions according to orientation:
-internal zoning considers optimal sun orientation (yes or no question);
-minimum of 80 per cent of the floor area of the room is lit by daylight (SBTool, 2012) (yes or no question); and -direct access of sunlight to living areas (SBTool, 2012) (yes or no question).
2.1.3 Spatial quality assessment for the transition between public and private spaces.
The three drivers of spatial quality determinant (3), the transition between public and private spaces, are physical barriers between public and private spaces; outdoor private spaces; and facade composition and permeability. The five principles of this determinant are (A) the private entrance to the dwelling as a protected and sheltered standing space (Chermayeff and Alexander, 1966) , (B) clear boundaries between the private and semi-public domains, and between private, semi-public and public domains (Chermayeff and Alexander, 1966; Gehl, 2010 Gehl, , 2011 , (C) outdoor private spaces as effective staying areas, (D) uniformity and coherence of boundaries (Lynch, 1960; Weber, 1995) and (E) presence or absence of impact of the internal division of space on the facade composition. The configuration of the entrance is the focus of the first principle (A), while principle (B) consists of the analysis of the boundaries between the private, semi-public and public domains. The focus of principle (C) is the existence of outdoor private spaces as well as their location and how effective they are as areas which are actually used by the residents. Principle (D), uniformity and coherence of boundaries, consists of the study of the facade composition in terms of similarity, rhythm and roughness. The last principle, (E) internal division of space and spatial density, and the facade composition, considers the impact of changes to the inside space of dwellings on the facade composition of the building see list below. Spatial quality assessment -determinant 3: transition between public and private spaces (building and block scales) (Acre and Wyckmans, 2015) :
(1) Private entrance to dwelling is a protected and sheltered standing space (yes or no question);
(2) Clear boundaries between the private, semi-public and public domains:
• clear boundaries within the private and semi-public domains (neighbour to neighbour, tenant to management, interaction between dwelling and front garden) (yes or no question);
• clear boundaries between private, semi-public and public domains (relation between front yard and street) (yes or no question); and
• use of materials to indicate different domains (yes or no question).
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• presence of outdoor private spaces (yes or no question);
• outdoor private spaces are actually used (yes or no question); and • outdoor private spaces on street level (yes or no question).
(4) Uniformity and coherence of boundaries (Weber, 1995) (single building)
• similarity in facade composition:
-similarity of architectural elements (similarities in scale and proportion) (yes or no question);
-similarity of facade decoration and materials (yes or no question); and -symmetry and coherence of boundaries are achieved; however, lighting and ventilation demands are overlooked (yes or no question).
• rhythm of facade composition:
-ordered repetition of architectural elements to achieve an overall unified effect (yes or no question);
-differences of formats and sizes of architectural elements (yes or no question); and -proportion considered in the figure (window) and ground (wall) articulation (yes or no question).
• facade roughness (Serra, 1997) :
-presence of projected bounces on the facade (such as balconies and bay windows) (yes or no question);
-ratio between the total area of projected bounces and the facade area (facade roughness); and -similarity of materials used on projected bounces and the facade (yes or no question).
(5) Internal division of space and spatial density and the facade composition (uniformity and coherence of boundaries) before and after intervention:
• internal division of space impacts similarity of the facade composition (yes or no question);
• internal division of space impacts the rhythm of the facade composition (yes or no question); and
• internal division of space impacts the roughness of the facade composition (yes or no question).
2.1.4 Spatial quality assessment for perceived, built and human densities. The fourth spatial quality determinant (4) perceived, built and human densities, considers block physical boundaries; the height-to-width-ratio (proportion) of internal block spaces (such as courtyards) and the sense of enclosure; and functions in the block, and built and human densities. The following five principles express these topics: (A) the principle of complexity (Lynch, 1960) , (B) enclosure and peripheral density (Lynch, 276 SASBE 4,3 1960; Weber, 1995) , (C) built density, (D) human density and (E) functions. The principle of complexity (A) consists of the study of the facade composition in terms of surface contrast, form simplicity and dominance of parts. Surface contrast relates to the quality of continuity of edges or surfaces of the block, nearness of parts (such as a cluster of buildings); and similarity of surface and form among the buildings of the same block (building materials and use of common signs such as repetitive pattern of windows). Principle (B), enclosure and peripheral density of the block, consists of the study of the physical features of the block. The topics belonging to this principle are the height-to-width-ratio of the enclosed space (relation between the dimensions of the courtyard and the heights of the peripheral buildings), the articulation of space boundaries (contrast between the heights of the peripheral buildings) and continuity of space boundaries (perimeter of the block). Built density (C) is measured in square metres and human density (D) in the number of people per square metre of block area.
Principle (E) consists of the study of changes in the use of space that occurs because of the dwelling renovation (see list below). Spatial quality assessment -determinant 4: perceived density, built and human densities (block scale) (Acre and Wyckmans, 2015) :
(1) Principle of complexity:
• surface contrasts (Lynch, 1960) :
-continuance of edges of the block (quality of continuity) (yes or no question);
-similarity of surface and form of the block's boundaries (yes or no question); and -similarity among the different facade compositions of the different buildings of the block (building materials and use of common signs such as repetitive pattern of windows) (yes or no question).
• form simplicity (Lynch, 1960; Serra, 1997) :
-geometry and compactness of the block shape (relation between the external block surface and its volume);
-porosity of the block shape (presence of exterior spaces within the external perimeter of the block, such as courtyards) (yes or no question); and -ratio between the area of exterior spaces within the block's perimeter and the area of the block (porosity of the block shape).
• dominance (Weber, 1995) (impact of one part over others by means of size and proportion, and the interplay between vertical and horizontal):
-slenderness of the block shape (relation between the vertical and the horizontal volumes of the block);
-presence of strong vertical accents at the position of the main focus (yes or no question); and -presence of a vertical axis of symmetry at the position of the main focus (perceptual stability) (yes or no question).
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• height-to-width-ratio of the enclosed space in relation to the 1:1 proportion (relation between the dimensions of the courtyard and the heights of the peripheral buildings);
• articulation of space boundaries (contrast between the heights of the peripheral buildings and the proportion between the block heights and surrounding blocks in relation to the 1:1 proportion); and 
Spatial quality assessment and weighting
The goal of the assessment is to predict the nature of the impact of the renovation on spatial quality before the construction. The assessment should be performed during the design phase of projects, i.e. when it is possible to make changes. Each of the four determinants is equally relevant in the study of spatial quality in dwellings (see lists). That is, of the total of 100 per cent, each determinant is given a weight of 25 per cent. While differences in weighting among determinants can be adjusted according to each project, all four determinants should be evaluated. The results of the assessment are first, inserted into Excel sheets, and subsequently transferred to an Excel database to generate the graphs that express the relationships between the renovation and spatial quality. The presence and nature of the impact on spatial quality are illustrated in graphs per building component and are summarised in the results section of this paper. The graphs represent the impact of the renovation only; the higher the bars are, the more significant the impact is, i.e. the bars and values in the graphs do not represent quantities or dimensions.
Throughout the assessment, "patterns of relationships" are identified between two variables, namely the energy renovation of dwellings and spatial quality (Groat and 278 SASBE 4,3 Wang, 2013, p. 206 ). The assessment is divided into two parts (A1 and A2) and the aim is to answer two questions for each feature of the spatial quality determinant: Does the measure influence the spatial quality feature (Figure 1(a) , Window A1)? And what is the nature of the impact (positive, irrelevant or negative) (Figure 1(b) , Window A2)? The existing building as it was prior to the renovation is not assessed -only the impact of the changes on the building is considered. Each renovation measure in the project passes through the two parts of the assessment. For example, ceiling heights with the addition of fire-resistant insulation (150 millimetres) below the existing slab and the principle of "internal division of space and spatial density" (item B) in determinant (2), internal spatiality and spatial arrangements, are considered. In part 1 of the assessment, the question asked is: does the measure influence the ceiling height? The answer is yes, because the addition of fire-resistant insulation (150 millimetres) below the existing slab will lower the ceiling height. In the example of the MS-1 building, the ceiling height before the renovation is 2.50 metres and after the renovation it will be 2.35 metres. In part 2 of the assessment, the question asked is, what is the nature of the impact (positive, irrelevant or negative)? Considering that the height should not be less than 2.40 metres (TEK10 Byggteknisk Forskrift, The Norwegian Agency for Building Quality), the impact in the example is considered to be negative because after the renovation the ceiling height will be reduced from 2.50 to 2.35 metres. If the answer to the question "does the measure influence the ceiling height?" in part 1 of the assessment is "no", the assessment stops because there would be no impact on spatial quality and so no need for evaluation. 
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Impact of dwelling renovation on spatial quality 3. Neighbourhood of Arlequin, Grenoble, France 3.1 Architectural values and cultural heritage Arlequin was built at the end of Second World War and follows the principles of polemic modernism in architectural and urban design (Figure 2 ). High-rise apartment blocks surrounded by vast green areas were built in the outskirts of cities in Europe and around the globe. It was believed that architecture and urban design could play a role in improving social conditions and reorganising the city. Collective thinking, community life and living in a healthy environment with proper ventilation and enough daylight were the prevailing paradigms of modern architecture and urban design.
The neighbourhood of Arlequin was planned to accommodate 2,200 homes and to have a wide range of facilities such as schools and a market. Unfortunately, many of the facilities were not built, which deepened the mono-functional residential character of the area. Nowadays, several of such residential neighbourhoods are characterised by degradation and crime; local authorities have been urged to intervene. The renovation of Arlequin represents a trend in the redevelopment of cities and a need for the city to regain these areas.
Energy renovation of the MS-1 building
The renovation of the Arlequin Neighbourhood had an ambitious target for energy consumption that had to be adjusted because of budget constraints. The initial target was 30 kWh PE/m²/year for heating, domestic hot water, ventilation and lighting. The current target is 69 kWh PE/m²/year, though this value does not yet consider the energy production from photovoltaics and biomass. The goals are expected to be achieved by improving the U-values (heat transfer coefficient) and air tightness of the building envelopes. The technical measures that are expected to be implemented in the MS-1 building (Plates 1 and 2, Figure 3 ) are described in Appendix for the building components of windows, external and internal walls, mechanical services and controls, floors and the built area.
The renovation will bring significant changes in the MS-1 building. Currently, the lifts stop on each successive third floor and the stairs inside the apartments lead to Source: © (Ateliers Lion Architectes Urbanistes); reproduced by permission of Ateliers Lion Architectes Urbanistes the floors that do not have access to the lifts. The existing lift and staircase tower will be demolished and a new tower will be constructed, which will result in changes to the floor plans (Figure 4(a)-(c) ). After the renovation, the lifts will reach half of the apartments up to the 13th floor. The floor plans are identical and therefore they are 
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Impact of dwelling renovation on spatial quality grouped according to the changes on the plan: Group A (1st, 3 rd and 4th floors), Group B (7th, 9th, 10th, 12th and 13th floors), Group C (2nd and 5th floors) and Group D (13th, 14th and 15th floors). The 6th, 8th and 11th floors are not going to be mentioned in this paper though they were considered for the assessment. Group B is partially mentioned since it is similar to Group A. Groups A and D are presented as examples of the issues evaluated by the spatial quality assessment to simplify the content of this paper.
3.2.1 Windows. Windows will be replaced and openings will be made for new windows in the facades (Appendix). The renovation of the windows will have an overall positive effect on spatial quality. The existing wooden windows with single-glazing in the living rooms will be replaced by new windows with uPVC framing and double glazing. The total glazed area of the facades will be reduced by around 8 per cent due to However, openings will be made for new windows because of the construction of the new tower.
The measures affect three of the spatial quality determinants (Figure 1(a) ). The impact of the renovation is particularly relevant for view and internal spatiality and spatial arrangements because of changes to the glazed area. The reduction of the glazed area caused by the new windows' framing reduces facade transparency and the access of daylight into the apartments. However, the addition of new openings for windows partly compensates for the negative impact of the new, more robust framing.
The openings for the new windows in the facade comprise the only measure that impacts (3), the transition between public and private spaces. The overall effect of the new windows on the similarity and rhythm of the facade composition is considered positive. Similarity and rhythm will be emphasised by using shades of yellow between windows, and by the addition of the new windows after the demolition of the tower on the northwest facade ( Figure 5 ). Despite the lack of similarity between the existing windows in the facade, and the new windows that will be installed where the tower faced the building, the new windows together form a block with its own character, regularity and symmetry (Figures 5). However, the size of the new windows scores negatively in the assessment because the windows' length is not at least half of the room's depth, which compromises lighting in the rooms (European Committee for 
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Impact of dwelling renovation on spatial quality Standardization, CEN, 2015) . That is, symmetry and coherence of the facade composition are achieved at the cost of failing to meet lighting demands.
3.2.2 External walls. The renovation of external walls consists of the addition of 120 millimetres of external insulation with coloured coating and the renovation of balconies (Appendix). The measures affect the four spatial quality determinants (see lists) (Figure 6(a) ). The addition of external insulation affects the determinants (1) and (2) because it results in thicker external walls, which negatively affects daylight access. The balconies on the southwest facade will be more transparent after the renovation, and will have a lower possibility of controlled visual contact with neighbours' private outdoor space. However, balconies that are more transparent allow significant improvements for daylight access.
The changes to the facade have a considerable impact on determinants (3) and (4) (see lists). Metal covering will be applied on the northwest facade to the new lift and staircase tower to improve ventilation. After the renovation, facades and balconies will have changed, but the facades will keep the existing similarity in composition in terms of materialisation, scale and proportion, emphasising the different parts. The colours will be white and grey. The balconies will be more transparent after the renovation following the removal of the existing planters and railings and from using perforated metal applied up to the slab edge on the southwest facade (Figure 7 ). Since the existing tower disturbs the symmetry and rhythm of the composition as a whole, the impact of the removal of the tower is considered positive in terms of the 
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Impact of dwelling renovation on spatial quality uniformity and coherence of the facade (Figures 5 and 8) . The metal covering the new tower will be considerably different in appearance from the materials used in the immediate surroundings (determinant 4). The new tower will also create a strong vertical accent near the main focus (midpoint) of the facade, which contrasts with the neighbouring buildings and their predominant horizontal accent (Figures 3  and 8) .
3.2.3 Mechanical services and controls. The renovation of mechanical services in the MS-1 building is characterised by passive strategies, such as increasing solar gain, lighting and avoiding overheating by having new openings on the facade (Appendix). Therefore, the assessment for mechanical services is equal to the assessment for windows (Section 3.2.1). The overall effect is positive as indicated in Figure 9 (a) and (b).
3.2.4 Internal walls. The changes to internal walls will mainly impact the spatial quality determinants (1) and (2) (see lists) (Appendix). Some of the apartments in the building will have their entrance on their floor level, which eliminates the need to go either up or down the stairs that are currently inside the apartments. The construction of the new tower will lead to significant changes in the area of the units. Apartments in Groups A will decrease by 20 square metres (Figure 10 ) while apartments in Group C will increase by 50 square metres (Figure 11 ). Group D willhave one loft apartment, a result of the merging of two units. Also in Group D, a unit type 2 will be created Notes: Scheme before (8a) and after (8b) the renovation. Before the renovation, the front layer was painted in shades of yellow and orange, and the setback layer between the three parts was in light yellow (indicated in white in Figure 8a ). There will still be a difference in colours between the front and the back layers after the renovation, but they will be white and grey. The strong vertical accents that will be present after the renovation (8b) were previously non-existent (8a) Source: Pictures: Author (Figures 12 and 13 ). View (determinant 1) is the second determinant in terms of the relevance of the impact of the changes to internal walls on spatial quality (Figure 14) . After the renovation, there will be a larger number of dwelling spaces with views on the northwest facade. Daylighting and views from the apartments, which face the circulation tower, will benefit considerably from the removal of the tower. Visual privacy and protection of the private domain improve with the new entrances and larger halls in these apartments. The facade loses a total of 20 windows. Moreover, the window framing will increase, reducing the surface area of the glass. On the other hand, there will be an additional 12 windows on the facade after the renovation (Figures 5, 7 , 10 and 11). However, the new windows will be insufficient in terms of daylighting. According to CEN (2015) , if the room depth (d) is d ⩽ 5 m, the window area (wa) should be least 1.25 m 2 and if d W 5 m, wa ¼ 1.50 m 2 . The units will improve significantly following the renovation in terms of determinant (2), despite the decrease in the apartments' area and the lower ceiling height, which cast a shadow on the benefits of the renovation. In Group A, the apartments will lose bedrooms, in Group C, apartment type 1 will lose part of the living room, and apartment type 2 will get extra bedrooms because of the construction of the new tower. Privacy within the dwelling will improve with the addition of the extra bedrooms (Figures 10 and 11) .
In Group B apartments, the non-structural wall and the sliding door between the two bedrooms will be removed (Figure 15 ). This represents a considerable improvement 
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Impact of dwelling renovation on spatial quality because, first, once the sliding door is open, the geometrical centres of the spaces are weakened. Second, the proportions of the bedrooms before the removal of the non-structural wall are not adequate in terms of the degree of space closure (ratios between the height and width, and width and length of the space).
A change that affects determinant (2) in the unit type 2 in Group D, is the addition of the former corridor to the area of the apartment (Figures 12 and 13 ). This addition creates a subordinated spatial relationship between the main room of the apartment (primary space) and the former corridor (secondary space). However, after its addition to the unit, the former corridor does not clearly complement the main room in terms of function. The impact of the space generated by the former corridor is considered negative in terms of the degree of space closure. This is because the ratios between height and width, and width and length indicate that the proportions of the room are not adequate for a space where residents can spend the majority of their time. The new space generated by the former corridor consists of a circulation area that is used to access the new bathroom (Figures 12 and 13) .
3.2.5 Floors. The renovation of floors consists of the addition of fire-resistant insulation of 150 millimetres below the existing concrete slab (Appendix). The measure affects the spatial quality determinants (1) and (2) (see lists) ( Figure 16 ). The ceiling height of 2.50 metres will be reduced to 2.35 metres after the renovation. This measure is considered negative because the minimum ceiling height accepted in the spatial quality assessment is 2.40 metres (TEK10). The ratio between the height and the width of the space will be lower and the daylight (passive) zone will be reduced Steemers, 1996, 2002) . The daylight factor (DF) and the luminance distribution (Matusiak, 2006 (Matusiak, , 2014 (Matusiak, , 2015 CEN, 2015) are also affected by the change to ceiling heights. 
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Impact of dwelling renovation on spatial quality 3.2.6 Built area. The impact of the renovation on the built area (FSI -floor space index) consists of the demolition of the existing lift and staircase tower and the construction of the new tower (Appendix). The changes to the built volume affect the four spatial quality determinants (see lists) ( Figure 17 ). The measure affects spatial quality determinants (1) and (2) in terms of lighting and the quality of the view. The impact of the renovation on determinant (3) consists of the effect on the similarity in scale and proportion among the different volumes of the building (Figure 8) .
Determinant (4), perceived, built and human densities, is the most influenced by the changes to the building volume (Figure 17) . The main impact of the renovation on determinant (4) is on the principle of complexity. After the renovation, the building will have a vertical accent, and the symmetry among the three parts that existed before the renovation will be disturbed (Figure 8 ).
Results and discussion
The results indicate that the energy renovation of the MS-1 building affects spatial quality in several of the apartments, and that the overall impact of the renovation on spatial quality is expected to be positive. This impact varies considerably per determinant and Notes: The measure of addition of a new tower is the same for the four determinants, therefore they are grouped in the item "Groups A, B, C, D and floors 6, 7, 11" only for the assessment of (4) perceived, built and human densities
Internal Walls -A1
Internal Walls -A2 Figure 14 .
(a) Assessment 1, the existence of the impact of the renovation of internal walls on spatial quality, MS-1 building, Arlequin (Table A1 ): (b) Assessment 2, the nature of the impact of the renovation of internal walls on spatial quality, MS-1 building, Arlequin (Table A1) 292 SASBE 4,3 building component (Figure 18 ). Determinants (1), views, and (2), internal spatiality and spatial arrangements, are the most affected by the renovation of the MS-1 building. Lower grey bars rather than black ones, are warning signs of the assessment because they indicate the negative effect of the renovation on spatial quality (Figure 18 ). Regarding determinants (1) and (2) the spatial quality will be worse due to measures applied in the renovation of floors and external walls. However, changes to internal walls, windows, mechanical services and the built area will have a positive 
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Impact of dwelling renovation on spatial quality impact on spatial quality for the same determinants. In relation to determinants (3) and (4) the overall impact on spatial quality is expected to be positive.
The negative impact of the renovation of floors on (1), views, and (2), internal spatiality and spatial arrangements, is because of the lower ceiling height after the renovation (2.35 metres). The negative impact is observed in the daylight factor and the luminance distribution. The internal division of space and spatial density, and the ratio between the daylight (passive) and the non-daylight (non-passive) zones are the features that are negatively affected by the lower ceiling height in determinant (2).
The renovation of external walls of the MS-1 building has a negative impact on the spatial quality determinants (1) and (2) (Figure 18 ). The addition of external insulation of 120 mm scores negatively in relation to the access of daylight. The significantly higher transparency of the handrails after the renovation is beneficial for the access of daylight, but it affects the control of the visual contact with the neighbours' private outdoor spaces. The new tower and the change to the material covering of the facade will negatively affect the similarities of surface, form and facade composition because the facade will look considerably different from the existing surrounding buildings after the renovation.
The renovation of internal walls has an overall positive impact on spatial quality ( Figure 18 ). However, the changes on the floor plans will decrease the area of several units and therefore the number of windows. Fewer windows decrease the facade transparency, which scores negatively in the assessment of determinant (1). In addition, the new windows after the renovation will not fulfil the CEN's (2015) requirement, in which the window's length should be equal to at least half of the room depth, and therefore this leads to a negative effect on the assessment. The changes to internal walls have, somehow, a negative impact on determinant (2). Examples of this negative impact are in the differentiation between social and private zones, and in the buffer zone between the children's and the parents' private domains, which are weakened by the decrease in area in several units. The addition of 19 square metres of the former circulation space of the corridor to the unit type 2 in Group D also has a negative impact on determinant (2) (Figures 12 and 13) .
The negative effect of the renovation of windows is observed on determinants (1) and (2) and a positive effect is observed on determinant (3) (Figure 18 ). The windows will be changed for new windows with a more robust framing. The increase in the framing area and consequently the decrease in the glazed area of the windows scores negatively related to determinants (1) negative impact on the access to and distribution of daylight wherein the ratio between the glazed area and the indoor surfaces' area decreases. The symmetry and coherence of the facade composition (3) are achieved to the detriment of lighting and ventilation demands. That is, the new openings remain small but follow the existing pattern of windows. However, the similarity and rhythm of the facade composition after the renovation scores positively in the assessment. This is because the similarity of the new windows in terms of materialisation, scale and proportion, and their ordered repetition achieves an overall unified effect in the facade composition. In addition, windows in diverse formats and sizes are used to create rhythm.
The changes to the built area have an overall positive effect on spatial quality (Figure 18 ). The demolition of the existing tower will increase daylight and view conditions in several units. Despite the lack of rhythm between the new tower and the existing building volumes, the addition of the tower scores positively in relation to the built area and functions in determinant (4). This is because of the efficient use of the space in the new tower, which will house two lifts bigger than the existing ones, a staircase and a hall. The new tower will increase the total plot area of the building by a mere 2.11 per cent or 11 square metres. 
Notes:
The impact of the dwelling renovation (Table A1 ) on spatial quality is indicated per building component. The dark bars represent the existence of the impact of the renovation on spatial quality while the light grey bars represent the nature of the impact on spatial quality if the renovation is carried out as planned Figure 18 . Spatial quality assessment of the MS-1 building before and after renovation 295 Impact of dwelling renovation on spatial quality 5. Conclusion and further work This paper indicates how the renovation of dwellings for energy efficiency is expected to impact spatial quality in the MS-1 building in Arlequin. From analysis of drawings before and after the renovation, it is clear that the overall impact of the renovation is positive (Figure 18 ). However, despite the numerous improvements made by the renovation to the spatial quality in the dwellings, the assessment leads to the conclusion that some key points of the renovation should be re-evaluated.
Alternatives for the renovation that do not solely consider energy efficiency should be explored in order to achieve a balance between existing negative conditions and how the renovation can help to improve them. The impact on daylight, for example, needs to be further evaluated. The increase in the framing area and consequently the decrease in the glazed area of the windows affect daylight and view conditions. The lower ceilings also affect daylight and luminance distribution; however, the lower ceilings do not necessarily affect luminance distribution in a negative manner, for example if the glazed area remains unchanged. The challenging issue in the renovation of the MS-1 building is the combination of negative existing features such as small windows and deep rooms with renovation measures that worsen these features. Such measures are the increase in the framing area and smaller openings, the decrease in the glazed area, the lower ceiling height, thicker external walls and deep and narrow rooms.
Alternatives should be explored for reducing the negative impact of the renovation on spatial quality. The main renovation measures that should be reviewed are:
(1) Addition of fire-resistant insulation of 150 millimetres below the existing reinforced concrete slab of 120 millimetres. The current ceiling height is 2.50 metres, and after renovation it will be 2.35 metres (TEK10).
(2) Addition of external insulation of 120 millimetres.
(3) Renovation of balconies and changes to the handrails. The handrails after the renovation will be significantly more transparent, which affects the control of the visual contact with the neighbours' private outdoor spaces.
(4) Change of the material covering the facade. Metal covering will be applied on the new lifts' and stairs' tower. The facade will considerably different from the existing surrounding buildings after the renovation.
(5) New windows and new openings. The new openings will remain small following the existing pattern of windows.
(6) Replacement and increased area of framing. The existing framing will be removed in all levels and more robust uPVC framing will be installed.
(7) The addition of 19 square metres of the former corridor to the unit type 2 in Group D (Figures 12(b) and 13(b) ). The space of the corridor will be added to the area of the apartment, but the proportion (ratios between height and width, and width and length) of the corridor limits its use.
Some opportunities for improvements that were overlooked by the renovation plan were identified during the spatial quality assessment. The possibilities for improvements did not influence the assessment's results. The entire building will be renovated but the floor plans will only be partially improved. After the renovation, only the units on the right-hand side of the building will gain direct access to the new lift and staircase tower 296 SASBE 4,3 on their level. The apartments on half of several floors will still have stairs inside the units as the main entrances and will not gain access to elevators on their level. This is considered to be a lost opportunity in the renovation. In addition, the large ground floor will remain characterised by as being used for activities with low human presence. This work indicates both the potential and the limitations of the spatial quality assessment, and it encourages the whole building approach in dwelling renovation, which gives directions for further work. A comparison between the situation before and after the renovation is proved to be an efficient way to trace challenges for spatial quality in the renovation strategy. However, one limitation of the assessment is that it does not cover all aspects of spatial quality. The analysis of the MS-1 building indicates that the spatial quality assessment is sensitive to negative effects, but this sensibility should be higher considering the number of renovation measures that should be reviewed in the MS-1. That is, all the negative impact does not clearly appear in the results because of the equal weighting given to all measures in the assessment.
The main strength of the assessment is that it illustrates the weaknesses of renovation strategies that focus on energy efficiency and overlook non-technical concerns. However, further work is necessary to increase the sensitivity of the assessment to measure negative effects. Assessing spatial quality in building renovation promotes more than only improvements on energy performance. It also makes building renovation more attractive by increasing perceived spatial values to building owners and users. The next step of this work is to develop the assessment and to explore the potential of spatial quality as an incentive for energy renovation. This can be achieved by creating guidelines to promote synergies and avoid conflicts between non-technical dimensions such as spatial quality, and energy renovation. She has an MSc in Architectural Engineering from the Catholic University of Leuven, Belgium, and a PhD in Building Technology from the NTNU. Since 2006 she has been working mainly with project development and research on a neighbourhood scale, aiming to find synergies between environmental quality, architectural quality, and quality of life. Her main responsibilities are developing and promoting strategic research in architecture, urban planning and art at Norwegian, EU and international levels. Annemie is particularly responsible for the development of multi-interdisciplinary research in relation to Smart Cities, which connects education and industry. This cooperation ensures awareness and builds capacity for sustainable development practice among future professionals (students at master's and PhD levels).
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